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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Marion A. Keyes, a citizen of the United States, 
residing at 8 Washington Terrace, St. Louis 631 12 in the State of Missouri; Mark Nixon, 
a citizen of the United States, residing at 1593 Blackjack Drive, Round Rock 78681 in the 
State of Texas; and Terrence Blevins, a citizen of the United States, residing at 3801 
Carmel Drive, Round Rock 78681 in the State of Texas, have invented a new and useful 
Economic Calculations in a Process Control System, of which the following is a 
specification. 
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ECONOMIC CALCULATIONS IN A PROCESS CONTROL SYSTEM 

RELATED APPLICATIONS 
[0001] This is a continuation-in-part of U.S. Patent Application No. 10/123,445, entitled 

"Web-Services Based Communications for Use With Process Control Systems," filed on 

April 15, 2002, the entire disclosure of which is hereby expressly incorporated herein and is a 

continuation-in-part of U.S. Patent Application No. 09/953,81 1, entitled "Fusion of Process 

Perfomiance Monitoring with Process Equipment Monitoring and Control" filed on 

September 17, 2001, the entire disclosure of which is hereby expressly incorporated by 

reference herein, which claims the benefit under 35 U.S.C. §1 19(e) of U.S. Provisional 

Application Serial No. 60/273,164, entitled "Asset Utilization Expert in a Process Control 

Plant" filed March 1, 2001, the entire disclosure of which is hereby expressly incorporated by 

reference herein. Additionally, this application claims the benefit of U.S. Provisional Patent 

Application No. 60/491,066 which was filed on July 30, 2003, the entire disclosure of which 

is hereby expressly incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This invention relates generally to process control systems and, more particularly, 
to the use of economic calculations to facilitate and provide better control of a process or 
plant. 

DESCRIPTION OF THE RELATED ART 
[0003] Process control systems, like those used in chemical, petroleum or other processes, 

typically include one or more centralized process controllers communicatively coupled to at 

least one host or operator workstation and to one or more field devices via analog, digital or 

combined analog/digital buses. The field devices, which may be, for example valves, valve 

positioners, switches and transmitters (e.g., temperature, pressure and flow rate sensors), 

perform functions within the process such as opening or closing valves and measuring 

process parameters. The process controller receives signals indicative of process 

measurements made by the field devices and/or other information pertaining to the field 

devices, uses this information to implement a control routine and then generates control 

signals which are sent over the buses or other communication lines to the field devices to 

control the operation of the process. Information fi-om the field devices and the controllers 

may be made available to one or more applications executed by the operator workstation to 

enable an operator to perform desired fiinctions with respect to the process, such as viewing 

the current state of the process, modifying the operation of the process, etc. 
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[0004] Typically, a process control system operates within a business enterprise that may 
include several process control plants, component and/or service suppliers and customers, all 
of which may be distributed throughout a large geographic area, or in some cases, throughout 
the world. The process control plants, suppliers and customers may communicate with each 
other using a variety of communication media and technologies or platforms such as, for 
example, the Internet, satellite links, ground-based wireless transmissions, telephone lines, 
etc. Of course, the Internet has become a preferred communication platform for many 
business enterprises because the communications infrastructure is already established, 
making the communication infrastructure costs for an enterprise near zero, and the 
technologies used to communicate information via the Internet are well-understood, stable, 
secure, etc. 

[0005] A process plant within an enterprise may include one or more process control 
systems as well as a number of other business-related or information technology systems, 
which are needed to support or maintain or which are used to effect the operation of the 
process plant. In general, the information technology systems within a process plant may 
include manufacturing execution systems such as, for example, a maintenance management 
system and may also include enterprise resource planning systems such as, for example, 
scheduling, accounting and procurement systems. Although these information technology 
systems may be physically located within or near a plant, in some cases a few or possibly all 
of these systems may be remotely located with respect to the plant and may communicate 
with the plant using the Internet or any other suitable communication link. 

[0006] Each process plant may also include user-interactive applications that may be 
executed on a server or workstation that is communicatively coupled to one or more servers, 
workstations, or other computers that coordinate or perform the activities of the process 
control system within the plant. Such user-interactive applications may perform campaign 
management functions, historical data management functions, asset management functions, 
batch management functions, diagnostics functions, etc. In addition, each of the process 
control systems within a plant may include process management applications that may, for 
example, manage the communications of and provide information relating to alarm and/or 
other process events, provide information or data relating to the condition of the process or 
processes being performed by the process plant, provide information or data relating to the 
condition or performance of equipment associated with the process control plant, etc. In 
particular, process management applications may include vibration monitoring applications. 
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real-time optimization applications, expert system applications, predictive maintenance 
applications, control loop monitoring applications, or any other applications related to 
controlling, monitoring and/or maintaining a process control system or plant. Still further, a 
process plant or enterprise may include one or more communication applications that may be 
used to communicate information from the process control system or plant to a user via a 
variety of different communication media and platforms. For example, these communication 
applications may include e-mail applications, paging applications, voice messaging 
applications, file-based applications, etc., all of which may be adapted to send information 
via a wireless or hardwired media to a desktop computer, a laptop computer, a personal data 
assistant, a cellular phone or pager, or any other type of device or hardware platform. 

[0007] Despite the complex information technology systems now typically associated with 
process plants and the vast array of data associated therewith, the methods of controlling 
plants in order to optimize plant output have been typically based on the same principles, 
namely, increasing throughput of the plant within certain quality limits. While there is 
traditionally an attempt to run the plant optimally from a profit or economic standpoint, it has 
been difficult to do so because the profit analysis has been performed using financial and 
accounting information and other data that is, at best, backward looking. For example 
profitability, costs, inventories, operating efficiencies, waste, scrap, quality, and other 
industrial management information is often reported in aggregate as much as two weeks to a 
month after the relevant performance. As a result, this information is not available in a time 
correlated manner or integrated with other measurements and analyses or external 
environmental, market factors or information. Thus, current plant control methodology 
provides little or no support for on-line or up-to-the-minute process or business management 
and the concept of closed loop control and optimization of any part or aspect of the entities 
being managed is lacking. 

SUMMARY 

[0008] A process control system includes economic models disposed in communication 
with process control modules, as well as with sources of economic data, and uses the 
economic models to determine useful economic parameters or information associated with 
the actual operation of the process plant at the time the plant is operating. The economic 
models can be used to provide financial statistics such as profitability, cost of manufactured 
product, etc. in real time based on the actual current operating state of the process and the 
business data associated with the finished product, raw materials, etc. These financial 
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statistics c£ui be used to drive alarms and alerts within the process network and be used as 
inputs to process plant optimizers, etc. to provide for better or more optimal control of the 
process and to provide a better understanding of the conditions which lead to maximum 
profitability of the plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Fig. 1 is a block diagram of a process plant having a process control system, 

process equipment monitoring system and business systems communicatively interconnected 

to provide for on-line financial calculations and analysis within the plant; 

[0010] Fig. 2 is data flow diagram illustrating data flow within the plant of Fig. 1; 

[0011] Fig. 3 is a diagram of a plurality of data sources communicatively interconnected to 
a plurality of data users via a communication scheduler system; 

[0012] Fig. 4 is data flow diagram illustrating data flow within the system of Fig. 3; 

[0013] Fig. 5 is a functional block diagram illustrating one manner in which business 
systems can be conmiunicatively interconnected with process control and process monitoring 
systems to be used in providing on-line financial calculations and analysis within a process 
plant; 

[0014] Fig. 6 is a first example screen view provided by a diagnostics application within 
the process control system of Fig. 1 illustrating the manner in which financial or economic 
data may be used to provide process control diagnostic information to a user; 

[0015] Fig. 7 is another example screen view that may be displayed to a user by one of the 
graphical user interfaces of the plant of Fig. 1 to provide the user with on-line financial 
information to be used in controlling the process plant of Fig. 1 ; 

[0016] Fig. 8 is an example screen view that may be displayed to a user by one of the 
graphical user interfaces of the plant of Fig. 1 to enable the user to alter or effect the 
operation of a plant using economic data generated about the process as currently running; 
and 

[0017] Fig. 9 is another example screen view that may be displayed to a user by one of the 
graphical user interfaces of the plant of Fig. 1 to view the optimal operating state of a plant 
using economic data generated about the process as currently running. 
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DESCRIPTION 

[0018] Referring now to Fig. 1, a process control plant 10 includes a number of business 
and other computer systems interconnected with a number of control and maintenance 
systems by one or more communication networks. The process control plant 10 illustrated in 
Fig. 1 includes one or more process control systems 14 which may be, for example, 
distributed process control systems or any other desired type of process control systems. The 
process control system 14 includes one or more operator interfaces 14A coupled to one or 
more distributed controllers 14B via a bus, such as an Ethernet bus. The controllers 14B may 
be, for example, DeltaV™ controllers sold by Emerson Process Management or any other 
desired type of controllers. The controllers 14B are connected via I/O devices to one or more 
field devices 16, such as for example, HART or FOUNDATION Fieldbus field devices or 
any other smart or non-smart field devices including, for example, those that use any of the 
PROFIBUS®, WORLDFIP®, Device-Net®, AS-Interface and CAN protocols. As is known, 
the field devices 16 may provide analog or digital information to the controllers 14B related 
to process variables as well as to other device information. The operator interfaces 14A may 
store and execute tools available to the process control operator for controlling the operation 
of the process including, for example, control optimizers, diagnostic experts, neural networks, 
tuners, etc. 

[0019] Still further, maintenance systems, such as computers executing the AMS (Asset 
Management Solutions) system sold by Emerson Process Management or any other device or 
equipment monitoring and communication applications may be connected to the process 
control system 14 or to the individual devices therein to perform maintenance and monitoring 
activities. For example, maintenance applications such as the AMS application may be 
installed in and executed by one or more of the user interfaces 14A associated with the 
distributed process control system 14 to perform maintenance and monitoring fiinctions, 
including data collection related to the operating status of the devices 16. Of course these 
maintenance applications may be implemented in other computers or interfaces within the 
process plant 10. 

[0020] The process control plant 10 also includes various rotating equipment 20, such as 
turbines, motors, etc. which are connected to a maintenance computer 22 via a permanent or 
temporary communication link (such as a bus, a wireless communication system or hand held 
devices which are connected to the equipment 20 to take readings and are then removed). 
The maintenance computer 22 may store and execute known monitoring and diagnostic 
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applications 23 provided by, for example, CSi Systems or any other known applications used 
to diagnose, monitor and optimize the operating state of the rotating equipment 20. 
Maintenance personnel usually use the applications 23 to maintain and oversee the 
performance of rotating equipment 20 in the plant 10, to determine problems with the rotating 
equipment 20 and to determine when and if the rotating equipment 20 must be repaired or 
replaced. In some cases, outside consultants or service organizations may temporarily 
acquire or measure data pertaining to the equipment 20 and use this data to perform analyses 
for the equipment 20 to detect problems, poor performance or other issues effecting the 
equipment 20. In these cases, the computers running the analyses may not be connected to 
the rest of the system 10 via any communication line or may be connected only temporarily. 

[0021] Similarly, a power generation and distribution system 24 having power generating 
and distribution equipment 25 associated with the plant 10 is connected via, for example, a 
bus, to another computer 26 which runs and oversees the operation of the power generating 
and distribution equipment 25 within the plant 10. The computer 26 may execute known 
power control and diagnostics applications 27 such as those provided by, for example, 
Liebert and ASCO or other service companies to control and maintain the power generation 
and distribution equipment 25. Again, in many cases, outside consultants or service 
organizations may temporarily acquire or measure data pertaining to the equipment 25 and 
use this data to perform analyses for the equipment 25 to detect problems, poor performance 
or other issues effecting the equipment 25, In these cases, the computers (such as the 
computer 26) running the analyses may be connected to the rest of the system 1 0 via a 
communication line or may be connected only temporarily. 

[0022] As illustrated in Fig. 1, the plant 10 may also include business system computers 
and maintenance planning computers 35 and 36, which may execute, for example, enterprise 
resource planning (ERP), material resource planning (MRP), process modeling for 
performance modeling, accounting, production and customer ordering systems, maintenance 
planning systems or any other desired business applications such as parts, supplies and raw 
material ordering applications, production scheduling applications, etc, A plantwide LAN 
37, a corporate WAN 38 and a computer system 40 that enables remote monitoring of or 
communication with the plant 10 from remote locations may be connected to the business 
systems 35 and 36 via a communications bus 42. 
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[0023] Of course, any other equipment and process control devices could be attached to or 
be part of the plant 1 0 and the system described herein is not limited to the equipment 
specifically illustrated in Fig. 1 but can, instead or in addition, include any other types of 
process control equipment or devices, business systems, data collection systems, etc. 

[0024] As illustrated in Fig. 1, a computer system 45 may be communicatively connected 
to the process control and/or maintenance interfaces 14A of the distributed process control 
system 14, the rotating equipment maintenance computer 22, the power generation and 
distribution computer 26, and the business systems all via the bus or other communication 
link 45. The communication system or link 45 may use any desired or appropriate local area 
network (LAN) or wide area network (WAN) protocol to provide communications. Of 
course the computer system 45 could be connected to these different parts of the plant 10 via 
other communication links including fixed or intermittent links, hard-wired or over-the-air 
links or any physical medium such as one of wired, wireless, coaxial cable, telephone 
modem, fiber optic, optical, meteor burst, satellite medium using one of a Fieldbus, IEEE 
802.3, blue tooth, X.25 or X.400 communication protocol, etc. 

[0025] Li the past, the various process control systems 14 and the business systems 35, 36, 
etc., have not been interconnected with each other or with business systems in a manner that 
enables them to share data generated in or collected by each of these systems in a usefiil 
manner. As a result, the process control fiinctions have operated on the assumptions that the 
most profitable operating state of the plant is one which maximizes some variable, such as 
throughput. In some cases, systems have been operated on a profitability basis that was 
computed or calculated based on previously measured or acquired data, such as data that may 
be associated with process operation weeks in the past, and not on data associated with the 
process as currently operating. 

[0026] To overcome this problem, certain profit or economic models are created and 
communicatively coupled to the process control network to perform on-line profitability 
analyses. The economic models automatically communicate with the process control system 
to access and use process control data and are configured to automatically receive economic 
data pertaining to the process control system fi-om business systems or other data sources 
that, in the past, have not been made available to determine profitability of the process 
control system on an on-line basis. 
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[0027] The economic models may be provided at any place within the process 10, but are 
illustrated in Fig. 1 as models 55 within the user interface or other computer 14A of the 
process control system. Furthermore, a data communication system 59, which is described in 
more detail herein, is provided in the computer 45 which may be any tj^^e of computer 
system, such as a server. The data communication system 59 is configured to receive 
financial or other business or profit data fi-om various sources of this data and to 
automatically provide that data to the economic models 55 within the process control 
computer 14A. The economic models 55, which may be stand alone models or models 
integrated in other applications, such as diagnostic or optimization applications, use this data, 
along with data fi-om the process control system 14 to determine profitability of the plant 10 
in an on-line manner. 

[0028] While the data communication system 59 is illustrated as being provided in the 
computer .45, it may be provided or implemented at numerous locations throughout the 
process network 10 to acquire and process data fi'om any source of data such as the controller 
systems 14, the monitoring systems 22 and 26, the financial systems 35, 36, etc. The data 
communication system 59 may also acquire data fi'om various other sources of data, such as 
fi'om PDAs or other hand-held devices or portable computers, from data historians or from 
any other electronic source of data, especially profit related data, such as that associated with 
the sales price of goods being manufactured, contract prices and quantities, costs associated 
with the manufacture of goods, such as the costs of raw materials, power (such as electricity, 
gas, coal, etc.), overhead costs, pl£int operating costs, etc. 

[0029] If the data communication system 59 is located in the computer 45, it may receive 
data from the disparate sources of data, such as the controllers, equipment monitoring and 
financial applications separately using different data formats, or using a common format. In 
one embodiment, the communications over the bus 42 occur using the XML protocol as 
discussed in more detail below. Here, data from each of the computers 14 A, 22, 26, 35, 36, 
etc. is wrapped in an XML wrapper and is sent to an XML data server which may be located 
in, for example, the computer 45. Because XML is a descriptive language, the computer 45 
can process any type of data. At the computer 45, if necessary, the data is encapsulated and 
mapped to a new XML wrapper, i.e., this data is mapped from one XML schema to one or 
more other XML schemas which are created for each of the receiving applications. One 
method of providing this communication is described in co-pending U.S. application Serial 
No. 09/902,201 filed July 10, 2001, entitled "Transactional Data Communications for Process 
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Control Systems" which is assigned to the assignee of this application and which is hereby 
expressly incorporated by reference herein. With this system, each data originator can wrap 
its data using a schema understood or convenient for that device or application, and each 
receiving application can receive the data in a different schema used for or understood by the 
receiving application. The computer 45 is configured to map one schema to another schema 
depending on the source and destination(s) of the data. If desired, the computer 45 may also 
perform certain data processing functions or other functions based on the receipt of data. The 
mapping and processing function rules are set up and stored in the computer 45 prior to 
operation of a suite of data integration applications described herein. In this manner, data 
may be sent from any one application to one or more other applications. 

[0030] Generally speaking, the goal of the system described herein is to be able to provide 
accurate and up-to-date profit or other economic calculations to provide better profit 
information on which to make decisions when controlling the operation of the plant 10. 
These economic calculations combine process measurements with software components and 
business transaction services to provide an on-line, real-time financial, accounting, and 
quality measurement system utilizing data verification, validation, reconciliation, archiving, 
alarm and support analyses, reports, displays, inquiry and search fiinctions for the process. 

[0031] An assumption often made during the design of a control strategy is that maximum 
throughput equals maximum profit. Although this assumption is sometimes true, especially 
where the process is constrained by a specific piece of equipment, it is not always true. To 
provide better economic information, the system described herein may calculate profit based 
on all or most of the costs actually associated with the product being made at the current time. 

[0032] Referring now to Fig. 2, a data flow chart 65 illustrates the flow of data to different 
entities within a system that enables economic calculations to be integrated into and used 
within a process control network to direct or control operation of the process control network. 
In particular, different data sources, including economic data sources 66 and process control 
data sources 68 collect and provide different types of data to a data manipulation module or 
block 70. The economic data sources 66 may provide any types of economic data while the 
process control data sources 68 provide any type of typical process control data, such as 
device and controller data indicative of, for example, the state of the process control devices, 
units, loops, etc. as well as process parameters and any other data collected within the process 
control system. 
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[0033] The data may be acquired online directly from process equipment, controllers, 
sensors, transmitters, laboratory equipment, analyzers, video equipment, imaging equipment, 
microphones and databases, such as market and commodity, feedstock, raw material 
database, and may be indicative of, for. example, flows, temperatures, pressures, compositions 
and other variables measured or determined by process or equipment measurements or 
services. The economic data may be, for example, supply cost information, sales and sales 
price information, tax, duty, shipping and handling costs, etc., personnel status and location 
etc. as appropriate to the entity being managed. 

[0034] If desired, local archival storage of data may be used (e.g., within the data collector) 
to insure that data is not lost should conununications or other system components fail or be 
unavailable for any reason. The data may also be compressed locally by the data collector 
using any desired data compression technique, such as swinging door or recursive wavelets 
exception transmission, data transformation, filtering etc, to reduce the required 
communication bandwidth and to increase the speed and responsiveness of the system while 
minimizing archival storage requirements. 

[0035] The data manipulation block 70, which is optional, may include one or more 
applications that massage the data from the various sources for different purposes. For 
example, the data manipulation block 70 may use neural networks or other modeling or 
estimation techniques to provide missing data, e.g., data that is either not present due to 
missing or malfimctioning measurements, analyzers or instrumentation or measurements that 
are inherently not directly measurable. While indicated as being performed after data is 
collected, the data manipulation stage 70 may occur in part or in whole locally in 
transmitters, analyzers, intelligent equipment or other devices that measure or otherwise 
acquire the data. 

[0036] As illustrated in Fig. 2, after being processed, the data is provided to one or more 
models 72 which may perform different economic cailculations on the economic and process 
data to provide information that may be provided to and used by one or more services or 
service applications 74 which are discussed in more detail hereinafter. The objective of the 
models 72 is to devise, for example, a measure that determines what percentage of the 
manufacturing and support resources is consumed by each shift/day and/or product. As a 
simple example, product runs need to be charged according to resources consumed at the 
time the product is run (not at the end of the month after costs are lumped and redistributed). 
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Likewise, costs need to be transferred between unfinished and finished products cost centers 
when products are complete or when products are sold as either unfinished or finished. 

[0037J Of course, there are many other factors to consider and to take into account when 
constructing models to accurately reflect the economic state of the process. In fact, there are 
many factors effecting costs including, for example, material costs, equipment efficiency, 
utilities costs (heating on gas, oil, recycled materials), etc. The models 72 can be used to 
provide or determine these efficiency numbers and the costs to be used as part of the process 
control system to monitor and alter the operation of the process to make the process more 
profitable. Ideally, profit calculations need to include the price being paid for a particular 
customer order and the costs at the time of manufacture for the product run. 

[0038] There are, of course, potentially many different aspects in determining profit. For 
example, profit calculations require detailed knowledge about the price being paid by the 
customer. If a manufacturing lot is tied to a customer order, then the profit may be computed 
from that sale price. If the production is continuous, then the profit may be based on product 
price. Of course, each of the cost and profit calculations will vary depending on the 
circumstances and the nature of the product being manufactured, as well as the marketing and 
sales strategy being used. Generally speaking, however, the models 72 are constructed to 
calculate variability, operating constraints, energy and material balances to determine 
economic, financial, and equipment health performance on line for fast decision support, 
control or other uses. The models 72 may also provide the profitability, cost and financial 
return for each product, grade, campaign or batch run and, in doing so, may use total 
derivatives to estimate changes fi*om a base value of critical cost or profit. This technique is 
applicable as an adjunct to direct computation of the desired variable when the errors of 
measurement or speed of measurement would degrade or slow the result. Such a total 
derivative methodology allows fast and accurate computation of changes in the desired 
variable from the measured changes in the component variables. If desired, the models 72 
may reconcile calculations to minimize closure errors (i.e., compare the calculations to actual 
profit realized and alter the calculations to minimize the error between the calculated profit 
and the actual profit). 

[0039] If desired, the models 72 may be coupled to a controller engine 76 which can 
provide intentional perturbations to elements or loops within the process control system for 
the purpose of verifying, validating and reconciling measurements, analyzers, sensors, etc. as 
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well as operating cost, profitability, quality and equipment health data. In this manner, 
providing a known perturbation (with attendant known changes in profitability) can be used 
to test and determine if one or more of the models 72 calculates the same or similar change in 
profitability, to determine how to reconcile profitability measurements with the calculations 
made by the models 72. 

[0040] Additionally, if desired a data manipulation block 70 and one or more economic 
models 72 may be coupled together within a single process module 73, as illustrated in Fig. 2. 
While only one process module 73 is illustrated in Fig. 2, any number of different process 
modules could be created and run within the process plant, with each process module having 
different economic models therein and coupled to the same or different data sources 66 and 
68. Likewise, each of the process modules 73 may be stored in and executed on a processor 
in any desired location within the process plant, such as in a user interface, a controller or 
even a field device. Generally speaking, process modules 73 are self contained or individual 
objects, such as objects in an object oriented programming language, that operate to perform 
the fiinctions of data collection and processing using the economic modules 72. If desired, 
the process modules 73 may communicate automatically with the data sources 66 and 68 and 
with the services 74 using pre-established communication links set up during configuration of 
the process modules. Furthermore, the process modules 73 may be set up to be similar to 
other programming blocks executed in a user interface, a controller, etc. As a result, the 
process modules 73 may include modes, execution rates, alarms, etc. and may participate in 
span of control (e.g., be subject to security restrictions), etc. As the process modules 73 are 
individual units that can be executed in any convenient location within the process plant, they 
are easy to implement to perform the economic functions described herein. 

[0041] The services or service applications 74 may include any number of different 
applications that use the information or economic calculations produced by the models 72, 
For example, the service applications 74 may include one or more reporting applications 80 
which may provide reports to users in any desired manner. The reports may take the form of 
real time spread sheets, allowing data to be emalyzed, trended, plotted, logged and presented 
to a user to allow decision support based on current and historical information as well on 
derived measures such as costs, profitability, return on investment, equipment health, quality 
etc. The reports may compare historical, current and forecasted relative equipment health, 
reliability, safety, quality, costs, profitability, throughput, asset utilization, inventories, 
accounts receivable, accounts payable, days in cash cycle, return on assets, cash flow and/or 
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other parameters of the process control system entities being monitored with other entities, 
maintenance facilities, companies, processes, plant sites, units, etc. both for current 
conditions as well as for past and forecasted future performance. If desired, these reports in 
the form of, for example, spreadsheets, can be embedded into runtime controllers, devices, 
equipment and users can configure the spreadsheets in any maimer currently performed in the 
art for generating reports. These report generation applications can then be run embedded in 
the real-time system to automatically produce the desired reports. 

[0042] The service applications 74 may also include one or more forecasting applications 
82 of any desired typed. Advanced forecasting techniques, such as ARIMA, moving window 
Fourier or other data transformation methodologies, statistical trending, calculation of future 
response based on prior actions, current measurement values and real-time models (such as 
process models) may be used to compute future values of any of the measurements, 
compositions, healthy data, costs, profitability etc. This forecasted future data may be 
provided to controllers, alarming applications, etc. to enable anticipatory alarming, control, 
emergency response etc. not allowed by current methods or systems. 

[0043] Still further, one or more diagnostic applications may be provided to perform 
diagnostic procedures using economic data in a manner that provides a more complete 
diagnostic analysis. In one example, a diagnostic application may access djmamic parameters 
associated with function blocks or other control blocks within the control system, such as 
DeltaV and Fieldbus function blocks, and provide high speed analysis on this data. In this 
application, a selected number of parameters may be accessed during or after each execution 
cycle of a control module or function block. The diagnostic application may trend these 
values or analyze these values using any desired power spectrum, correlation and statistical 
techniques. Also, the diagnostic application may allow the user to directly access other 
diagnostic data provided by other diagnostic applications, such as the AMS diagnostics. For 
control blocks, the diagnostic application may provide access to diagnostic data associated 
with, for example, tuning applications, etc. 

[0044] Of course, the diagnostic application may provide additional analysis tools such as 
those that perform power spectrum, cross correlation, and auto correlation on any desired 
variables. The diagnostic application may still further direct the customer to the appropriate 
solution, such to one or more tuning applications, etc, may utilize high-speed data provided 
by Fieldbus trend objects or virtual trend objects based on traditional input/output (I/O) in the 
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controller, may collect trend information on-demand or perform any other desired 
procedures. 

[0045] If desired, the diagnostic applications may support continuous monitoring and 
detection of abnormal conditions that may exist in control blocks and input/output blocks or 
other blocks within the process control system. Such a diagnostic application is described 
and illustrated in U.S. Patent No. 6,298,454, which is hereby expressly incorporated by 
reference herein. Using this technique, it is possible to identify blocks that contain one or 
more abnormal conditions for more than a specified percent of time. In addition, the I/O or 
control blocks that exhibit high variability may be identified. 

[0046] In general, this application may include tools to allow a user to quantify the cost of 
process variability based on, for example, total and capability standard deviations, user 
defined limits and the cost of the product. The application may also generate pre-defined 
reports that may be directly used by a user to justify improving control. As described in U.S. 
Patent No. 6,298,454, this tool can include a status parameter that allows detection of 
abnormal conditions to be suspended such as when the module is not being used, to prevent 
false alarms from being generated when a process is off-line, in startup, etc. This tool may 
also allow plant performance and utilization to be saved by a data historian to support 
charting or plotting by the month, year, etc., with this data being available by plant area, 
process cell or other logical entity. This diagnostic application may, of course, provide 
predefined reports that summarize and detail bad conditions, provide dynamos to allow 
conditions and economic calculations for a unit or other entity to be easily summarized at an 
operator screen and to provide context sensitive help for process analysis. 

[0047] Still further, the service applications 74 of Fig. 2 may include one or more control 
or advanced control applications. For example, a multivariable control application, such as 
an MPC application, may use the collected historical and/or current and/or forecast data, 
including economic data, to determine advanced profit and/or cost control for the 
multivariable control situation. Likewise, one or more known types of optimizers may use 
the determined economic data to perform on line optimization of cost, profit, quality, 
availability, safety, throughput, etc. Such an optimizer may use data measured from and 
indicative of the actual real process, product, equipment, machinery, plant, unit operation, 
area, enterprise, materials, feed stock, intermediates, entities or parts or aggregations thereof 
or use simulations of some are all of these entities or both to perform optimization. 
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[0048] The advanced control applications may also include a scheduler application that 
uses one or more of on-line historical, current and forecasted data in conjunction with one or 
more of equipment status, order status, economic data, environmental data, regulatory data, 
market data, competitive data, etc. to select and/or schedule the products or grades to be 
manufactured, the maintenance to be performed, or the equipment or the arrangement of 
equipment to be used to manufacture a product most economically. 

[0049] The service applications 74 may also include an alarm/alert application that may be 
used to provide alarms or alerts based on the output of the models 72. In particular, the 
alarm/alert application may compare certain economic variables, such a profitability, etc. 
with fixed or preset ranges or values and provide an alarm or alert if the profitability or other 
economic variable falls outside of the range or below or above the preset value. These alarms 
(or alerts) may be sent to any desired user in any desired manner, such as wirelessly, via the 
process control communication network, the business network, a pager network, e-mail, etc. 
As part of this process, a diagnostic application may include an agent that recommends 
advanced control tools that should be used to address problems areas. Still further, the alarm 
or alert application may allow a user to assign different priorities to measurements or control 
blocks. In this case, an alert, mail message or pager notification can be issued when an 
abnormal condition is detected in a block in an active unit with the priority set by the user or 
based on the priority set by the user. 

[0050] While not specifically illustrated in Fig. 2, the data sources 66, the data 
manipulation block 70, the models 72 and the service applications 74 may be configured to 
communicate with one another in any desired manner using any desired communication 
infi-astructure to determine the process, plant, unit operation, area, product, grade, run, 
profitability, cost, retum on invested capital and other measures. Generally speaking, the 
data and/or results may be transmitted via wired, wireless, fiber optic, optical, or other means 
for archiving, aggregation, presentation, analysis, decision support, control or other use. If 
desired, a global positioning system (GPS) or other on-line physical location determination 
structure may be used to provide position as a system input for calculation and control as well 
for enabling support of mobile measurement and analytical components. If desired, the 
sensors used to collect data may be analyzers, imaging devices, etc. may be non-contacting or 
remote in nature. Still further, data and information transfers may be protected by error 
detection, correction codes or other methods such as BCH, redundant transmission, n-level 
fire coding, etc. Data may also be encrypted using any desired or appropriate method in 
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acquisition, transmission, storage or use. Furthermore, data collection or other data 
manipulation entities, such as the models 72 and the service applications 74 may be 
distributed between multiple physical locations if so desired. 

[0051] While Fig. 2 illustrates the different elements of the combined economic and 
process control system, the entire functionality may be provided as a service rather than as a 
purchased system. Li this case, a customer would purchase a service that would install the 
appropriate or desired models and services within a process plant and operate them to provide 
integrated economic data with process control data for any of the uses described above. This 
service would allow broader systems to.be used by clients and users who otherwise would not 
be able to afford or support such a system. The service could, of course, be billed on a 
metered usage basis and the, if desired, the equipment and/or its installation, conrmiissioning, 
operation and maintenance may be provided on a lease, rental or usage basis. Still further, as 
part of this service, an on-line consulting service may be provided where the data for a 
process system is provided to a consultant, who runs the models and services (e.g., analysis 
tools and expert systems) and provides on-line or off-line consulting and/or contracting 
services that address performance and performance issues within the process plant. 

[0052] Referring now to Fig. 3, a web services-based commxmication system that may be 
used to facilitate the communication and viewing of information associated with the process 
control system or plant, including business or financial information, is illustrated in a logical 
format. This web-services based communication system may be, for example, located within 
the computer or server 45 of Fig. 1 and be used to obtain information from the financial or 
business systems and provide this information to the models 72 of Fig, 2 (which may be 
within, for example the process control system 14 of Fig. 1). Of course, the web-services 
based communication system, the models 72 and the service applications 74 may be located 
in any other desired part(s) of the plant 10. 

[0053] More specifically, the web services-based communication system and technique 
described herein includes a communications engine that performs message routing, 
scheduling and configuration fianctions for a plurality of clients or web-services and, for this 
particular purpose, for providing on-line or up-to-date financial or profit data to the process 
control system 14 of Fig. 1 for use in computing or calculating the current profitability of the 
process plant and for use in changing the operation of the plant to be more profitable. 
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[0054] The web services-based communication system and technique described herein 
may include a graphical user interface that enables one or more users to configure and/or add 
web-services to the system and to create a highly personalized profile that causes the 
communications engine to route selected process control information and other information 
to be displayed to the user via the graphical user interface in a manner desired by the user. 
This featiu*e enables a multitude of different profitability data associated with different plant 
environments to be provided to the process control system for on-line profitability purposes. 

[0055] In any event, the web services, the communications engine and the graphical user 
interface may communicate with one another via a network such as, for example, the Internet 
using an extensible markup language (e.g., XML) or any other similar language that enables 
applications, services and/or systems to communicate with one another without requiring the 
development of custom communication interfaces or drivers. 

[0056] Generally speaking, the web-services described herein may include data services or 
sources, which may be business systems, that collect and store data needed to make current 
profitability analyses and data subscribers or consumers which may be, for example, 
applications implemented in the process control or process maintenance systems, to perform 
on-line profitability calculations. On the other hand, the data services or sources may be 
process control systems or applications, asset management systems or applications, 
equipment condition monitoring systems or applications, diagnostic systems or applications, 
or any other system or application that acquires or generates information or data associated 
with the operation of a process control system or plant as well as business systems or 
financial data sources. Likewise, the data subscribers or consumers may include user- 
interactive applications such as, for example, diagnostic applications, control optimization 
applications, reporting systems including paging systems or applications, e-mail systems or 
applications, file generation systems or applications, etc. 

[0057] As will be understood, each of the data services and data consumers may be an 
application or system that includes a web services interface. As is well known, a web 
services interface may use an extensible markup language such as XML in conjunction with a 
messaging protocol such as, for example, simple object access protocol (SOAP) and a 
communications transport protocol such as, for example, hypertext transport protocol 
(HTTP). Because web services are somewhat generic in nature (i.e., the behavior or 
characteristics of the communications via a web server interface are independent of any 
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underlying application or system), data services and data consumers can be easily connected 
to (i.e., communicate with) the communications engine without having to create any custom 
communication interfaces, as typically was the case with prior systems. Additionally, the 
communications engine may be easily adapted to discover or find (either automatically or at 
the direction of a user) web services that are available for connection to the communications 
engine. For example, the communications engine may use a web services discovery tool or 
service such as, for example, universal discovery description and integration (UDDI), or any 
other type of web services discovery tool or service to identify available web services. 

[00581 Still further, the web services-based communication system and technique 
described herein provides a system architecture that results in efficient and robust data 
collection, data analysis and data communication. In particular, the communications engine 
may request data fi^om the data services as it is needed by the communications engine. 
Alternatively, one or more of the data services may be configured to asynchronously notify 
the communications engine as new data or information becomes available. In either case, 
efficient use of commimications resources (e.g., communication links, processing capacity 
within the communications engine, etc.) may be achieved by the system and technique 
described herein. In particular, only newly available and/or data needed by the 
communications engine is conveyed between the various data services and the 
communications engine, as opposed to collecting all available data fi-om the data sources 
regardless of whether the data was needed, as was the case with prior systems. 

[0059] Further, with the web services-based communication system and technique 
described herein, the data services may perform complex analyses and may communicate 
analysis results (in addition to raw data, if desired) to the communications engine and, in turn, 
to the graphical user interface and/or other data consumers. Thus, because the web services- 
based communication system and technique described herein is adapted to transmit only 
requested and/or newly available data and, if desired, only analysis results (as opposed to all 
data required to perform the analysis at a central location such as the communications engine 
or the graphical user interface application), the web services-based communication system 
and technique described herein facilitates highly efficient use of available communication 
network bandwidth. 

[0060] The web services-based communication system and technique described herein also 
provides a high degree of data robustness. In particular, each of the web services may be 
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responsible for data backup, storage of data history, etc. As a result, a communications 
and/or power failure at the communications engine and/or the graphical user interface will 
not result in the catastrophic loss of data, and recovery of the system can be quickly and 
easily accomplished upon restoration of power and/or communications to the 
communications engine and/or the graphical user interface. Likewise, failure of a particular 
web service will not result in a catastrophic failure of the entire system, and when the failed 
web service recovers, the system can easily begin communicating with that web service 
without having to be reconfigured, restarted, etc. 

(0061] Fig. 3 illustrates a functional block diagram that generally depicts an example of a 
web services-based communication system 100 that may be used with a process control plant 
or system such as that of Fig. 1. As shown in Fig. 3, the system 100 includes a plurality of 
data services 102-106, a plurality of data consumers 108-1 12, an information server 1 14, a 
graphical user interface 116 and a discovery service 118, all of which may be 
communicatively coupled to the same or different networks 120. In general, the data services • 
102-106 are systems or applications that perform data collection, generation and/or analysis 
activities. The data services 102-106 may be, for example, process management applications, 
business applications, financial or accounting services or databases, or other types of 
applications or databases associated with a process control system or plant that are performed 
by one or more servers or other computers within the process control system or plant. Of 
course, the data services 102-106 may correspond to a single process control system or plant 
or may correspond to more than one process control system or plant. 

[0062] Each of the data services 102-106 may include field devices, controllers, 
workstations, etc. that are communicatively coupled via one or more communication 
networks and/or other types of communication links. If desired or necessary, each of the data 
services 102-106 may perform process control activities such as, for example, execution of 
control loops, may perform diagnostic activities, may perform asset management activities, 
etc. for a collection of equipment or devices associated with a particular process plant or 
portion of a process plant. Further, each of the data services 102-106 may also perform data 
historian functions, may include redundant or failsafe devices, may perform data analysis 
activities, all of which are generally well known in the art and, thus, are not described in 
greater detail herein. Still further, and for the purposes discussed herein, the data services 
102-106 may include computers or other data acquisition devices of any type that collect. 
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store, generate, etc. financial data needed to make profit determinations within a process 
plant. 

[0063] Preferably, the data services 102-106 include respective web services 
communication interfaces 122-126, which enable the data services 102-106 to communicate 
within the system ICQ as web services when connected to the network 120. The web services 
communication interfaces 122-126 may be implemented using XML messages that have been 
formatted using SOAP, or any other desired message protocol, and which have been 
encapsulated for transmission using a network transport protocol such as, for example, 
HTTP. 

[0064] In general, the data consumers 108-1 12 are systems or applications that perform 
activities or functions that consume process control data and/or which convey data or 
information provided by the data services 102-106 to system users or operators. In this 
instance, the data consumers 108-1 12 may be the models 72 of Fig. 2. One or more of the 
data consumers 108-1 12 may perform primarily communication functions that can route data 
or information to system users or operators using a particular communication media and 
platform. For example, data may be delivered by one or more of the data consumers 108-1 12 
using hardwired or wireless media and using any desired system or hardware platform such 
as, for example, a laptop, a personal data assistant, email, etc. Altematively or additionally, 
one or more of the data consumers 108-1 12 may perform primarily user-interactive activities 
such as, for example, batch definition and campaign management activities and/or may 
perform other primarily business-related activities such as, for example, order processing 
activities, accounting activities, product shipping and administration activities, product 
inventory control activities, quality assurance activities, procurement activities, etc. As with 
the data services 102-106, the data consumers 108-1 12 also include respective web services 
communication interfaces 128-132, which enable the data consumers 108-1 12 to 
communicate as web services within the system 1 00. 

[0065] As illustrated in Fig. 3, the information server 114 includes a scheduler 134, a 
router 136 and a database 138, which collectively function as a communications engine 140 
that performs message routing and scheduling activities as well as system configuration 
activities, as described in greater detail below. The communications engine 140 may 
establish a plurality of data service connections 142-146, each of which corresponds to one of 
the data services 102-106, and may similarly establish a plurality of data consumer 
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connections 148-152 that correspond to the data consumers 108-1 12. The communications 
engine 140 may dynamically establish the connections 142-152 as they are needed to 
communicate with the data services 102-106 and the data consumers 108-1 12 via their 
respective web services interfaces 122-126 and 128-132. 

[0066] In general, the router 136 performs message routing functions that receive messages 
from one or more of the web services, which includes the data services 102-106 and the data 
consumers 108-1 12, coupled to the network 120 via the connections 142-152 and route these 
received messages to appropriate destinations, which may be any of the web services (e.g., 
the data services 102-106 and data consumers 108-1 12) coupled to the network 120. More 
specifically, the router 136 may function in a manner similar or identical to an XML 
transaction server. The router 136 may use input and output schemas in conjunction with 
business rules, data manipulations, etc., all of which may be stored in and retrieved from the 
database 138, or >yhich may be provided by another one of the web services coupled to the 
network 120, to route XML messages received from one or more of the web services coupled: 
to the network 120 to another one or other ones of the web services. 

[0067] By way of example, the data service 102 may generate alarm or alert information 
that needs to be conveyed to the data consumer 112, which may be a communication system 
or application such as an e-maiil system or application. When the alert or alarm information 
is generated, the data service 1 02 uses its web services interface 1 22 to wrap the alert or 
alarm information in an XML schema to form an XML message, encapsulates the XML 
message using HTTP and sends the XML message to the network 120. The network 120 
uses the HTTP encapsulation to route the XML message, using known techniques, to an 
appropriate one of the data service connections 142-146 available within the information 
server 114. The communications engine 140 receives the XML message from the one of the 
data service connections 142-146 that received the XML message and the router 136 uses an 
appropriate input schema (retrieved from the database 138) to decode the XML message. 
The router 136 may then, based on the content of the decoded message and one or more rules 
and/or data manipulations, map the contents (or a portion of the contents) of the message to 
an appropriate output schema associated with the destination (i.e., the data consumer 1 12), 
which may also be retrieved from the database 138. The router 136 may then encapsulate the 
mapped alarm or alert message (which is also an XML message) using HTTP and may send 
the encapsulated message to the data consumer 1 12 via the one of the data consumer 
connections 148-152 associated with the data consumer 112 and the network 120 to the data 
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consumer 1 12. The data consumer 112 then receives the alert or alarm information via its 
web services interface 132 and may. generate an e-mail message that conveys the alert or 
alarm information to one or more designated or applications. 

[0068] Thus, the router 136 is adapted to process messages, which are preferably, but not 
necessarily, expressed using XML or some other extensible markup language, received from 
a plurality of web services such as, for example, data services, via a communications network 
and routes or sends these messages to other web services that are also coupled to the 
communications network. Because all of the data generation and data consuming 
applications or systems that make up the system 100 are configured to communicate as web 
services, the information server 114 and, more particularly, the communications engine 140, 
can dynamically establish communications with any of the data generation or consuming 
applications or systems by adding or removing connections (e.g., the connections 142-152) 
without having^ to generate any custom communication interfaces or drivers and without 
having to halt the operations of the communications engine 140 (i.e., connections to 
applications can be established without disturbing conununications between already 
connected web services and the communications engine 140). To the contrary, because each 
of the data services 102-106 and each of the data consumers 108- 11 2 includes a web services 
interface and because the communications engine 140 is adapted to communicate with web 
services, it is not necessary for the information server 1 14 or for any of the web services 
coupled to the network 1 20 to have any detailed knowledge about the operation of the 
systems or applications being performed by any of the other web services to enable 
information to be exchanged between the web services via the information server 114. 

[0069] In general, the scheduler 134 performs scheduling functions that enable the 
communications engine 140 to periodically request information from one or more of the data 
services 102-106. More specifically, the scheduler 134 may establish periodic requests for 
information or data from one or more of the data services 102-106, particularly where the 
information requested is of a type that would not generate an event. For example, if one of 
the data consumers 108-1 12 periodically needs information or data such as costs or prices 
associated with raw materials or finished products from one of the data services 102-106, the 
scheduler 136 may be configured to periodically send messages requesting this data to the 
one or ones the data services 102-106 which may store or have access to this data. The one 
or ones of the data services 102-106 receiving the request may subsequently send the data to 
the information server 1 14 in the form of an HTTP encapsulated XML message, which may 
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then be routed by the router 136 to the appropriate ones of the data consumers 108-1 12, such 
a one of the models 72, via the network 120. 

[0070] The discovery service 118 may also include a web services interface 154 that 
enables the discovery service 1 18 to communicate with the information server 114, the data 
services 102-106 and/or the data consumers 108-1 12, as desired. The discovery service 118 
may be a web services directory or registry service such as, for example, UDDI or any other 
similar or different web services directory or registry. As is well known, UDDI enables a 
web service to discover and obtain interface and/or communications information about 
another web service, which may then be used by the discovering web service or server to 
automatically establish communications with the discovered web service. 

[0071] The system 100 may use the discovery service 1 1 8 to automatically or dynamically 
establish communications between the information server 114, the data services 102-106 and 
the data consumers 108-1 12, without requiring intervention from a system user or operator, a 
programmer, etc. By way of example only, at initial start-up or power-up of the system 100^. 
the information server 114 and, in particular the communications engine 140, may 
communicate with the discovery service 1 1 8 to determine what web services are coupled to 
the network 120 and available for use by the system 100. The communications engine 140 
may store available web services and communications interface information pertaining to 
available web services in the database 138. The information related to available web services 
may then be automatically and periodically updated by the communications engine 140 so 
that if a web service becomes unavailable, becomes available, and/or if communications 
interface information relating to any available web service changes, such information may be 
reflected in the database 138 for use by the communications engine 140 in routing and 
scheduling communications. 

[0072] Each of the web services that is discovered, licensed (if required) and coupled to 
the information server via the network 120, may have a unique service identifier (SID) 
associated therewith. In this manner, the communications engine 140 may store 
communications interface information and other information pertaining to each of the 
available web services in a table or any other data structure within the database 138. The 
table or other data structure may subsequently be used by the router 136 and the scheduler 
134 to route messages received from particular services and to schedule information requests 
from particular services. 
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[0073] The graphical user interface 116 performs functions that enable a system user or 
operator to selectively view information provided by the data services 102-106 and/or the 
data consumers 108-1 12, to configure communications (e.g., to schedule information 
requests, establish routings, etc.) within the system 100 and/or to generally interact with 
applications or services that are communicatively coupled to the network 120 via the 
information server 114. The type of information presented by the graphical user interface 
116 and the manner in which information may be presented by the graphical user interface 
116, may vary from user to user based on profiles that are defined by the users and stored in 
the database 138. By way of example, a user may initially interact with the system 100 via 
the graphical user interface 1 16 to define a profile and the information or content that the user 
wants displayed. A particular user's profile may include information associated with the 
user's organizational role (e.g., manager, engineer, executive, etc.), the hours that the user 
works (e.g., the user's shift), the personal preferences of the user, the manners and times in 
which the user may be contacted off-site or on-site, etc. Additionally, the user profile 
information may be sent by the graphical user interface 1 16 to the information server 114, 
which inay store the user profile information in the database 138. 

[0074] In addition to user profile information, configuration information associated with 
each user may also be stored in the database 138. A user may interact with the graphical user 
interface 1 16 to establish the manner in which the user wants to view information from the 
data services 102-106 and the data consumers 108-1 12, the manner in which the user wants 
information to be conveyed between the various web services coupled to the network 120, 
etc. To store configuration information for each user, a table may be generated in the 
database 138 so that each user is assigned a unique identifier or a user ID (UID) and a user's 
desired configuration for each of the available web services is stored along with the UID and 
the SIDs of the services. 

[0075] By way of example, when a user logs into the graphical user interface 1 1 6, they 
may be authenticated using their usemame and password. In tum, the usemame and 
password information may be used to create or may be associated with a security identifier 
(e.g., the UID). The graphical user interface 116 may send the UID for that user to the 
information server 1 14, which will then retrieve the profile and configuration information 
associated with that UID from the database 138. The profile and configuration information 
may then be used by the communications engine 140 to establish the manner in which 
messages will be routed, the manner in which the scheduler 134 requests information from 
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the data services 102-106, the type and manner in which information will be displayed by the 
graphical user interface 1 16, etc. while that user (or at least that user's UID) remains in 
control of the graphical user interface 116. 

[0076] While the graphical user interface 116 (and the software application or applications 
associated therewith) is depicted in Fig. 3 as being performed within a separate system, 
server, workstation or computer, the graphical user interface 116 may instead be instantiated 
within the information server 1 1 4 or any other server or computer system coupled the 
network 120, if desired. Of course, additional gi aphical user interfaces similar or identical to 
the graphical user interface 116 may be coupled to the network 120, thereby enabling 
multiple users to interact with the system 100 at the same time or at different times. 
Furthermore, it should be recognized that while the exemplary system shown in Fig. 2 depicts 
the network 120 as a single network such as, for example, the Intemet, that links all of the 
components of the system 100, a variety of other network structures may be used instead. 
For example, some or all of the data services 102-106 may be commimicatively coupled to 
the information sever 114 via an Ethernet network, while some or all of the data consumers 
108-1 12 may be communicatively coupled to the information server 114 via another separate 
network, which may be based on Ethernet or some other protocol or standard. Of course, the 
web services and other components (e.g., the graphical user interface 116) communicating 
with the information server 114 may communicate using any desired combination of network 
types (e.g., Ethemet, Intemet, etc.) using any combination of hardwired and wireless 
communication media. 

[0077] Fig. 4 is an exemplary block diagram 200 of one manner in which the web services- 
based communication system 100 shown in Fig. 3 may be adapted for use with a process 
control plant or system. The exemplary system 200 shown in Fig. 4 includes the information 
server 114, the graphical user interface 116, the discovery service 118 and the network 120 
that are shown in Fig. 3. However, the system 200 includes types of web services that would 
typically be associated with a process control plant or system. As shown in Fig. 4, the system 
200 may include an asset management web service 202, an advanced control and condition 
monitoring web service 204, a business or financial information web service 205, and a 
diagnostics web service 206. Each of the web services 202-206 may correspond generally to 
the data services 102-106 shown in Fig. 3. Additionally, each of the services 202-206 may 
include an application or applications that are executed by different servers, workstations or 
other computer systems within a particular process control plant or system. For example, the 
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asset management web service 202 may include a server that is performing one or more asset 
management software applications for a particular process control plant. These asset 
management applications may perform process optimization activities that seek to maximize 
plant profitability based on a wide range of information, including, for example, process 
control parameters, maintenance information, business information, etc. The advanced 
control and condition monitoring web service 204 may perform alarm or alert functions, 
process condition monitoring functions such as, for example, loop monitoring functions, real- 
time optimization functions, expert system functions, etc. and equipment condition 
monitoring functions such as, for example, vibration monitoring functions, predictive 
maintenance functions, etc. The business or financial information service 205 may include 
applications that perform scheduling, purchasing, cost accounting, storage of costs, prices, 
sales, etc. while the diagnostics service 206 may include applications that perform any 
desired types of diagnostics. In any event, the web services 202-206 may be characterized as 
data services because they include applications that acquire data and/or perform data analysis 
activities that generate analysis or results data. 

[0078] The system 200 shown in Fig. 4 also includes a plurality of web services that may 
be characterized as data consumers. For example, the system 200 includes an e-mail web 
service 208, a paging web service 210, a computerized maintenance management system 
(CMMS) web service 212, a personal data assistant web service 214, a file system web 
service 216, a campaign management web service 218, a diagnostics web service 220, an 
optimizer web service 22 1 , etc. The e-mail web service 208 may be adapted to generate 
email messages based on messages received from one or more data services such as, for 
example, the asset management web service 202, the advanced control and condition 
monitoring web service 204 and the diagnostics web service 208. The e-mail web service 
208 may send these e-mail messages to, for example, one or more user interfaces, which may 
be identical or similar to the graphical user interface 116, and/or to some other computer 
system accessible by users. In a similar manner, the paging web service 210 may receive 
messages containing, for example, alarm or alert information from another web service 
within the system 200 via the information server 114 and the network 120 and may convey 
information relating to the alarm or alert to one or more pagers associated with one or more 
users (e.g., maintenance personnel, technicians, etc.) or other persons associated with the 
system 200. If desired, the models 72 of Fig. 2 may be incorporated into the data consumer 
web services, such as within the diagnostics applications 220, the e-mail notification 



-26- 



PATENT 
06005/38045A (59-11385) 

applications 208, the campaign management applications 218, the optimizer applications 221, 
etc. 

[0079] The personal data assistant web service 214 may receive messages containing 
information from data sources such as the web services 202-206 and may convey information 
contained in these messages to one or more personal data assistant computers, each of which 
may be carried or operated by a different person or user. In this manner, a system user rriay, 
if desired, configure the system 200 to send selected detailed information about the operation 
of a process control plant or system including, for example, diagnostic information, profit 
information, cost information, advanced control and condition monitoring information, asset 
management information, or any other information to their personal data assistant computer. 

[0080] The file system web service 216 may receive messages containing process control 
data, diagnostic data, profit or economic data, etc. from one or more of the web services 202- 
206 via the information server 114 and the network 120 and may store the information 
contained therein in one or more data files, which may subsequently be accessed, transmitted, 
printed, displayed, etc. 

[0081] The CMMS web service 21 2, the campaign management web service 218, the 
diagnostics web service 220 and the optimizer web service 221 may be characterized as user- 
interactive applications or services. The CMMS web service 212 may, for example, enable 
users to configure the type of and the manner in which alert or alarm information should be 
conveyed to them. Additionally, the CMMS web service 212 may perform functions that 
generate work orders (either in electronic or paper form) that may be printed or displayed at a 
central location such as, for example, a maintenance department within a process plant, that 
may be conveyed directly to the persons responsible for responding to the work orders, etc. 
Still further, the CMMS web service 212 may generate orders for replacement parts that may 
be needed to repair or otherwise maintain a process control plant associated with the system 
200. The part orders generated by the CMMS web service 212 may, in turn, be sent in the 
form of HTTP encapsulated XML messages to a business system such as, for example, a 
procurement system (not shown) that is communicatively coupled to the network 120. 

[0082] The campaign management web service 218 may include any desired campaign 
management application or applications that are used to define and manage the execution of 
one or more batch processes within a process control plant. The diagnostics web service 220 
may include one or more applications that function to perform diagnostics within the process 
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control system using profit data or profit calculations obtained on-line within the process 
plant from, for example, one or more business data systems. The optimizer web service 221 
includes one or more optimizer applications used to optimize the control of the process plant 
based on particular constraints and optimized variables, which may be profit related variables 
in this case. Both the campaign management applications and optimizer applications are well 
known and, thus, are not described in greater detail herein. 

[0083] It is important to recognize that data or information typically flows from web 
services such as the asset management web service 202, the advanced control and condition 
monitoring web service 204 and the business or financial information web service 205, all of 
which typically acquire data, analyze data and generate analysis results data, to primarily data 
consuming web services such as, for example, the e-mail web service 208, the paging web 
service 210, the CMMS web service 212, the personal data assistant web service 214, the file 
system web service 216, the campaign management web service 218, the diagnostic web 
service 220 and the optimizer web service 22 1 . However, any one of the web services 202^ - 
221, the discovery service 118 and the graphical user interface 116 may send messages or 
exchange information with one or more of the other web services 202-221, the discovery 
service 118 and the graphical user interface 116 via the network. 120 and the information 
server 1 14. 

[0084] In operation, the system 200 may initially not have knowledge of any of the web 
services 202-221, may not have any user configurations or profiles stored within the 
information server 114 and, thus, may not initially route any messages from any of the data 
sources (i.e., thp web services 202-206) to any of the data consumers (i.e., the web services 
208-221), The information server 114 may then use the discovery service 1 18 to discover 
each of the available web services 202-221, which are coupled to the network 120. In 
particular, the information server 114 may retrieve communications interface information 
(e.g., schema information, network address information, etc.) from the discovery service 118 
and may store this information within its database 138 (Fig. 3) together with the SIDs that 
uniquely identify each of the discovered web services. Once the information server 114 has 
obtained the communications interface information and other configuration information 
associated with the discovered web services, the router 136 (Fig. 3) may then enable the 
exchange of messages between the web services 202-221 and the graphical user interface 
116. 
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[0085] Users may interact with the graphical user interface 1 16 to create user profiles and 
configurations which are stored within the database 138 together with a UID for each user. 
The user profiles and configurations may be used by the graphical user interface 1 16 to 
control the type and manner in which data will be displayed to each user and may be used by 
the information server 1 1 4 to control the manner in which messages are routed between the 
web services 202-221 . In this manner, when a particular user enters their authentication 
information (e.g., usemame and password) into the graphical user interface 116, the 
information server 1 14 retrieves the vmique security identifier (i.e., the UDD) associated with 
that user. The information server 114 may then use the UID to retrieve the configuration 
information associated with that user^s UID fi-om the database 138 and configures the router 
136 and the scheduler 134 to operate so that messages are automatically conveyed to the 
graphical user interface 1 16 in the manner specified by that user*s configuration and/or profile 
or by the application being accessed by the user. In the case where the graphical user 
interface 1 16 is implemented using an Intemet browser application, the messages conveyed 
by the information server 1 14 to the graphical user interface 116 are preferably based on ' 
hypertext markup language (HTML), rather than XML, so that a conventional browser 
application may be used to display information to the user in the desired format. As different 
users log into the graphical user interface 1 16, the information server 114 automatically 
routes messages in a manner that will supply the information to the graphical user interface 
1 16 as specified by that user's configuration. Thus, as each user uses the graphical user 
interface 116, the format and content of the information displayed will automatically be 
varied to suit that user's configuration and/or profile or application. 

[0086] While the content and format of the information displayed within the graphical user 
interface 116 may vary as different users log into or use the graphical user interface 116, the 
various message routing configurations associated with the data consuming web services 
(e.g., . the web services 208-221) may remain active for each of the user profiles stored within 
the database 138 (Fig. 3). Thus, users that are not logged into the graphical user interface 116 
(or any other interface within the system 100) may nevertheless continue to receive messages 
via the email web service 208, the paging web service 210, or any other web service specified 
by their stored profile. 

[0087] Likewise, applications, such as the data consumer applications, that are configured 
to receive information fi-om other web services may do so in a continuous manner, regardless 
of whether a user is logged on or not. For example, an alert or alarm may be generated by a 
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process control system or by a model or alarming application based on, for example, a profit 
analysis, and the alarming application may convert the alarm or alert into an XML message, 
encapsulate the XML using HTTP and send the message via the network 120 to the 
information server 114. The information server 114 may then process the received alarm or 
alert message and may thereby determine, using the user profiles and schemas stored in the 
database 138, to whom and in what maimer the alert or alarm message should be conveyed. 
The information server 114 will then cause the router 136 (Fig. 3) to send the alert or alarm 
message to one or more users using or more of the data consuming web services (e.g., the 
web services 208-221). In particular, the router 136 may send the alert or alarm message to 
one user via the e-mail web service 208 and the paging web service 210 (based on that user's 
profile), may send the. alert or alarm message to another user via the paging web service 210 
and the personal data assistant web service 214, and may also send the alert or alarm message 
to the graphical user interface 1 16 to be displayed to a user that has entered a configuration 
that requires the display of such alarms or alerts when that user is logged into the graphical 
user interface 1 16 or any other similar or identical user interface within the system 100. 

[0088] Fig. 5 is a detailed functional block diagram of the advanced control and condition 
monitoring web service 204 shown in Fig. 3 and particularly adapted to provide financial 
information fi-om business systems to applications within a typical process control system of 
a plant for use in optimizing the operation of the plant based on the financial information. As 
shown in Fig. 5, the advanced control and condition monitoring web service 204 includes an- 
input/output (I/O) subsystems block 250 including logical categories of hardware within the 
process plant, such as units, equipment, devices, etc. The I/O subsystems block 250 is 
coupled to a control subsystems block 252 including traditional control routines, operator 
interfaces, alarm and event applications, diagnostic applications, on-line collection and 
storage of data, etc. An embedded advanced control and conditioning monitoring block 254 
is also included and is illustrated as having alarm and event monitoring applications, process 
condition monitoring applications and equipment condition monitoring applications. The 
blocks 250, 252 and 254 collectively form a process control system 255. 

[0089] Additionally, the advanced control and condition monitoring web service 204 
includes a web services block 256 and a web services interface 258, both of which function to 
enable the process control system 255 to exchange information or messages with other web 
services via the network 120 (Figs. 1 and 2) and the information server 114 (Figs. 1 and 2). 
In particular, as illustrated in Fig. 5, the web services interface 258 enables the process 
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control system 255 to exchange information with or to obtain information from business or 
financial services 260 associated with the plant. . In this case, the financial services 260 is 
illustrated as including a maintenance management system (MMS) 262, a product inventory 
control system 264, a production scheduling system 266, as well as other financial 
applications 268, all of which are connected via a LAN or Internet communication link to an 
XML transaction server 270. The XML transaction server 270 is coupled to the interface 
258. 

[0090] As will be understood, the I/O subsystems block 250 includes controllers, I/O 
devices and field devices connected thereto. The process control subsystems block 252 is 
preferably, but not necessarily, implemented using one or more software routines or 
applications that may be executed within one or more of workstations of other computer 
systems. By way of example, the process control subsystems block 252 may include 
software routines or applications that carry out control fiinctions, operator interface fiinctions, 
alarms and events processing fimctions, real-time data processing fiinctions, or any other ; 
desired fiinctions. 

[0091] The embedded advanced control and condition monitoring block 254 may be 
implemented using a plurality of software routines or applications that process data and other 
information associated with the operation, condition, etc. of a process control system such as, 
for example the process control system 14 of Fig. 1. For example, the embedded advanced 
control and condition monitoring block 254 may include diagnostic applications, alarm and 
event monitoring applications, equipment condition monitoring applications as well as 
reporting applications, real-time optimization routines or applications, expert system routines 
or applications, predictive maintenance routines or applications, loop monitoring routines or 
applications, or any other desired data analysis or data processing routines or applications 
including any of the other services 74 described in connection with Fig. 2. Of course, one or 
more of the routines or applications executed by the embedded advanced control and 
condition monitoring block 254 may be performed within the same computer system or 
workstation that is being used to execute routines or application associated with the process 
control system subsystems block 252. Alternatively, one or more of the routines or 
applications associated with the embedded advanced control and condition monitoring block 
254 may be performed within any other workstation or computer system that is 
communicatively coupled to the process control subsystems block 252. 
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[0092] As illustrated in Fig. 5, the web services block 256 may include different web 
listeners or interface blocks 266, 268, 270 and 272, all of which may be communicatively 
coupled to respective applications within the block 254. Generally speaking, the web 
services block 256 enables information or physical data associated with alarms or events, 
process conditions and equipment conditions within a process control system to be conveyed 
to and from the information server 114 (Figs. 3 and 4). More specifically, the web services 
block 256 provides a portion of a web services framework or architecture that facilitates 
intra«system communications because conventional and commonly used transport protocols, 
such as, for example, HTTP and data language and format protocols, such as, for example, 
XML and SOAP, may be used convey process control information to the information server 
114. 

[0093] As described in more detail below, the web service clients 266-272 receive 
incoming messages that contain requests for service, parse these incoming messages and 
dispatch the requests for service to appropriate methods available within the web services 
block 256. Preferably, but not necessarily, the web service listeners 266-272 receive service 
requests and also provide service responses. Additionally, the web service listeners 266-272 
preferably, but not necessarily, convey alarm and event data, process condition data and 
equipment condition data using XML. 

[0094] The web services interface 258 manages communications between the various web 
services within the web services block 256 and the information server 114, which may 
communicate with a process control system via the web services interface block 258 as a web 
client. In general, the web services interface block 258 provides a hosting or web server 
environment (i.e., a common interface) that enables a plurality of relatively technically 
diverse information systems such as, for example, manufacturing execution systems, 
enterprise resource planning systems, business systems, standalone computers, PDAs, cell 
phones, pagers, etc., or any other system associated with a process plant, customer, supplier, 
etc., to send and receive process control information or data to the process control subsystems 
block 252 and the advanced embedded control and condition monitoring block 250. In 
particular, the web services interface 258 is adapted to listen for incoming HTTP requests, 
perform security checks involving user authentication/verification, look up connection 
information and dispatch authorized HTTP requests to establish a connection with an 
appropriate one of the web service clients 266-272 available within the web services block 
256, facilitate automatic recovery from service, hosting environment and system failures, and 
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provide administrative facilities for deploying, monitoring and controlling services and 
managing resources such as, for example, processes, threads and shared state on behalf of 
each service. 

[0095] In response to HTTP-based requests, the web services interface 258 may 
authenticate the requesting entity (e.g., another other web service) as a proper client of the 
web services block 256. Client authentication may be based on an identity of a user (i.e., 
based on the UID and/or some other identifier), the identity of the requesting entity itself, a 
terminal location or any other suitable identification technique. If the requesting entity is 
authenticated as a proper client, the web services interface 258 establishes a connection with 
an appropriate one of the web service listeners 266-272 within the web services block 256. 
For example, in the case that the requesting entity is interested in business information fi-om 
the MMS 262, the web services interface 258 may establish a connection with a web service 
associated with the web service listener XML transaction server 270. Once such a 
connection is established, any type of business or maintenance system data fi-om the MMS 
262 and transmitted to the server 270 may be obtained and be communicated via one of the 
web service clients 272-276 to the process control system using HTTP packets containing 
XML formatted data. 

[0096] On the other hand, when a device within the I/O subsystems block 250 generates a 
device alert or alarm such as, for example, a process control alert indicating a drop below 
acceptable profitability, the block 254 including this alarming application sends this alert to 
the web services block 256. In turn, the web service associated with the web service listener 
272 converts the received maintenance alert into an XML format and then sends the XML 
formatted alert information or data to a user via the network 120. The user may be within the 
business system 260 or one of the other data users, such as a PDA, a pager, etc. Of course, as 
described above, appropriate input and output schemas need to be in place to properly convey 
the device alert information fi-om the information server 114 within the block 256 to the 
appropriate data consuming applications or web services. 

[00971 It should be recognized that the web services framework or architecture provided 
by the web services interface 258 and the web services block 256 enables any authenticated 
client to send or exchange information or data with the I/O subsystems block 250 and the 
process control subsystems block 252 using XML-based communications encapsulated 
within HTTP packets. Thus, any device that can execute an internet browser application can 
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communicate with the process control system 255 via the web services interface 258 and the 
web services block 256. For example, a remote terminal or a hand held computer device 
adapted to execute a browser application may communicate with the control system 255 via 
the Internet or any other conventional or suitable communication link. 

[0098) In one example embodiment, a diagnostics application may be configured to 
receive and use business or financial data to provide better or more accurate diagnostics for a 
process control system based on the profitability of the process control system. In particular, 
the diagnostics engine described in U.S. Patent No. 6,298,454, which is hereby expressly 
incorporated by reference herein, may be used as a diagnostics engine for a process control 
system. As explained in U.S. Patent No. 6,298,454, the diagnostics engine may be executed 
within one of the user interfaces of the process control network and be configured to receive 
appropriate data fi^om the process control network regarding the on-line operation of the 
devices, controllers, etc. within the process control system. However, this same diagnostics 
application may include one or more economic models or be communicatively coupled to. 
such economic models (such as those illustrated in Fig. 2) which determine profitability of* 
the process control network on, for example, an hour, shift, day, week, etc. basis. As 
described above with respect to Figs. 2-5, these economic models may be configured to 
automatically receive business or financial data pertaining to the various costs, charges, sales 
prices, etc. via the web services application described above. The economic models may also 
be configured to receive appropriate process control or diagnostics information, such as 
throughput, flow, utilization, or other measured or determined process parameters, as well as 
the variability, mode, deviation and status indications described in U.S. Patent No. 6,298,454. 
Of course, any desired or appropriate economic model(s) may be used and be configured to 
receive any appropriate business and process control data, as well as any other desired data, 
to perform on-line economic calculations pertaining to the current operation of the process 
control system. The exact configuration of the economic model will, of course, depend on 
the nature of the process plant in which these models are being used as well as the type of 
economic analysis to be performed. 

[0099] In any event, the economic model(s) may determine one or more outputs 
establishing an economic parameter associated with the operation of the process plant, such 
as financial or monetary aspects associated with the operation of the process plant, including 
the calculating and reporting efficiency, costs, savings, profits, etc. either in the aggregate or 
based on changes within the operation of the plant. For example, in the diagnostic 
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application described within U.S. Patent No. 6,298,454, an economic model may be used to 
assess the health and performance of instrumentation. This may occur by detection of 
abnormal conditions and variability in field devices and determining the costs or loss in 
efficiency that results fi"om such abnormal conditions to enable a process control operator to 
determine the abnormal conditions that are most directly or significantly effecting the bottom 
line of the plant fi-om a financial viewpoint. 

[0100] As illustrated in Fig. 2, the economic model (or the diagnostics application if the 
economic model is contained therein) may provide its output to a process control application, 
such as an optimizer application, an on-line control routine, a control display application, an 
alarm generation application and the like. These applications may use the output of one or 
more economic models to perform, for example, optimization, on-line control and user 
display fimctions within the process plant. In particular, an optimizer may use the economic 
parameter(s) determined by the economic model(s) to determine a set of control targets for 
delivery to a control routine to use in performing on-line control of the process plant. Thus, 
the optimizer may optimize the operation of the plant based on the economic parameter(s) 
determined by one or more economic models. Likewise, an on-line control routine may use 
the economic parameter(s) developed by one or more economic models as feedback to 
perform on-line control of field devices within the process plant to thereby effect, for 
example, the throughput of the plant, the use of a particular raw material, the profit of the 
plant, the production of a particular product within the plant, etc. Still fiirther, a display 
application may display the economic parameter(s) developed by one or more economic 
models to indicate a current or future state of the process plant with respect to some economic 
measure (cost, savings, profit, throughput, etc.) Moreover, an alarm generation application 
may use the output of the economic model(s) to generate alarms (including alerts) to be 
delivered to one or more users based on an operational state of the plant that is not meeting 
particular (or preset) economic measures. 

[0101] Of course, the (e.g., automatic) use of the economic parameters developed by the 
economic models in the control of the process plant (e.g., in the automatic control of the 
process plant) may effect the diagnostic variables determined by the diagnostics application 
to thereby reduce or eliminate the problems detected by the diagnostic application. As will 
be understood fi-om U.S. Patent No. 6,298,454, some example diagnostic variables that may 
be used are variability parameters (such as the variability of signals within control loops), an 
operational mode indication associated with the mode of one or more control blocks within a 
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control loop, a limit indication indicating that one or more signals within a control loop have 
reached a preset limit, etc. 

[0102] As noted in U.S. Patent No. 6,298,454, a parameter may be added to I/O and 
control blocks to support prevention of false detection of abnormal conditions when a process 
is off-line, in startup, etc. The enabling and disabling of elements of the process control 
system reporting may be performed at a unit, equipment, cell, area or system level and may 
be performed using an explorer view to select the item to be enabled or disabled within a 
configuration menu. Of course, the reporting of abnormal conditions enable and disable 
parameter may be added to modules that may be configured for detection and reporting for 
units, cells, areas, systems, etc. The Enable/Disable parameter may also be written to by 
other applications or other blocks to turn detection and reporting on or off Still further, the 
diagnostics application or a reporting application may provide on-line documentation to 
report costs associated with process variability. 

[0103] As an example, using the diagnostic application described in U.S. Patent No. 
6,298,454 modified to include (e.g., to communicate with) the economic models and 
reporting described herein, a customer may configure predefined calculations to determine 
the savings obtained by, for example, reducing process variability. The cost savings may 
utilize the total and capability standard deviation determined by the diagnostics application 
and the calculated savings may be viewed over a user selected timefi-ame (that is supported 
by diagnostic application, e.g., an hour, a shift, a day, etc.) The calculated savings may also 
be displayed with a graphical representation that shows the current standard deviation, best 
operating point or limit, and the shift in variation and operating point that is possible with 
better control and the associated cost savings. 

[0104] The calculations that have been configured may be viewed and easily accessed in 
an explorer-like view or may be included automatically on a user or operator display. Cost 
savings associated with deviating from best operating point may also be automatically 
calculated based on user configuration of the controlled parameter, the unit throughput, best 
operating point, and cost per throughput unit associated with deviation in the controlled 
parameter. Cost savings associated with deviating from a maximum or minimum limit may 
be calculated based on user configuration of the controlled parameter, limit value, unit 
throughput, and cost per throughput unit associated with deviation in the controlled 
parameter. 
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[0105] The diagnostic application may automatically access the throughput and the 
controlled parameters configured in a calculation and determine their average value over each 
of the reporting periods supported by the diagnostic application. An overview report of all 
cost saving calculations may be printed for a selected timeframe and this report may 
summarize the standard deviation, estimated improvement in standard deviation, and cost 
saving for each loop. A detailed report may be printed for each calculation that shows the 
standard deviation and improvement graphically along with the saving. 

[0106] Fig. 6 illustrates an example screen view 280 that may be produced by the 
diagnostic application described above to provide plant efficiency numbers to a user based on 
received process control and financial data. In particular, the screen view 280 of Fig. 6 
illustrates that the diagnostics application has detected 38 modules in the incorrect mode and 
one module in a limited control mode. Further, there is one advisory alarm associated with 
the process control system. As a result of these conditions, and as determined from 
infomiation provided to the diagnostics applications as described above, the screen view 280 
of Fig. 6 indicates that while the performance of the plant is at 99.9 percent, the plant 
efficiency is only at 89.1 percent, with these percentages being determined by economic 
models for the plant which are configured as described above to communicate with business 
systems as well as the process control system to receive both financial and process control 
data. In one embodiment, a separate economic model may be used to determine the plant 
efficiency, the plant performance and the plant utilization and these models may receive any 
needed on-line information from the other sections of the plant, such as business applications 
and databases, maintenance applications and databases, etc. Of course, other plant 
parameters may be determined using other models including models which rely on or 
otherwise use economic data. 

[0107] Fig. 7 illustrates another example screen view 285 that may be produced by the 
diagnostic or optimization application described above to provide product cost information to 
the user based on received process control and financial data. In particular, the screen view 
285 of Fig. 7 illustrates that the diagnostics application has detected 8 modules in the 
incorrect mode and 1 module in limited control and that there is one advisory alarm and one 
failed device alarm associated with the process control system. The screen view 285 of Fig. 7 
also indicates that the calculated current performance of the plant is at 100 percent and that 
the current product cost (i.e., for products currently being manufactured), is 17.3 dollars per 
pound. This product cost, which may be generated by another model configured to receive 
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both process control data and financial data as discussed above, may also be provided to a 
reporting application that may produce a report with this information, an alarming application 
which may send an alarm or alert if the product cost goes above a predetermined amount, an 
optimizer application that may optimize the process plant based on the product cost, or any 
other application, such as any of the service applications 74 described above with respect to 
Fig. 2. 

[0108] Fig. 8 illustrates an example screen view 290 that may be displayed to a user by the 
diagnostic application discussed above to configure the calculations of savings obtained as a 
result of making changes to the process control system. In particular, the screen view 290 of 
Fig. 8 includes a menu area 300 listing, in this case, the control blocks that will be monitored 
and potentially changed. In Fig. 8, two PID control blocks FIClOl/PIDl and LIC10/PID2 
are illustrated. The user may select one of these control blocks to configure the savings 
calculations therefore. After that, the user may specify a controlled parameter and a 
throughput parameter (by typing these into boxes 302 and 304 or by browsing for these 
parameters within the configuration system) to be used to control or optimize the process 
control system. The user may also specify an operating target or limit, the profit or cost per 
unit of production and the change in the production per unit change in the controlled 
parameter at the boxes 306, 308 and 310. The process control system may include an 
optimizer or control application that uses these values, as well the feedback from economic 
models which calculate the actual profit or cost per unit of production to change control of 
the plant to be more optimal, i.e., in line with the operation selected by the user. The user 
may instruct the unit or module to operate at the best target or to operate at the limit by 
selecting one of the boxes 312 or 314. These user may save or cancel this configuration by 
selecting one of the boxes 316 or 318. 

[0109] After having configured a savings view or calculation, and during operation of the 
process, the diagnostics application may collect the needed process control and financial data 
in the manner described above and may use the saving configuration to present an on-line 
savings view, such as that of Fig. 9, to a user. As indicated in Fig. 9, a savings view 320 for 
the LIC10/PID2 module indicates that for the last hour of operation, the temperature (i.e., the 
controlled variable) was at a statistic average of 473 degrees (Fahrenheit) with a variation of 
10. This operation is plotted in the graph 322 of Fig. 9 with a solid line. However, the target 
temperature (as selected by the user in the configuration screen) is 475 degrees with a 
variation of 5. This target is also plotted on the graph 322 of Fig. 9 with a dotted line. The 
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screen view 320 also illustrates the average production rate (423 gallons per minute) and the 
savings associated with changing from the actual operating point to the target operating point 
which, in this case, is illustrated as 523 dollars per hour. Of course, the estimated savings 
from making the change to the tzirget production rate may be computed using an economic 
model that receives actual cost data from the financial or other applications within the plant 
that have access to this data. If desired, a filter may be used to select a different time frame 
over which to perform the savings calculation. In any event, the savings view, such as that of 
Fig. 9, is very beneficial to a user in determining how to change a process control scheme or 
configuration, or what to fix within a process control plant, to obtain the most financial 
impact. 

[0110] Moreover, if desired, any information, such as the savings information, plant 
efficiency, etc. can be reported to plant personnel and management using the mechanisms 
available as part of the control system (e.g., graphic displays, events and alarming and 
reporting applications, etc.) or via another computer or display (such as handhelds, pagers, 
PDAs, etc.) using the data communication system described above. 

[0111] Of course, while a diagnostic application has been described above as including 
models configured to receive financial data to perform economic calculations within a 
process control system, other types of applications can use these or other models for many 
other purposes. For example, optimizer, reporting and alarming applications may use 
economic models to provide better performance and reporting for a process control system 
from the standpoint of maximizing actual profit within the plant. Likewise, other diagnostic 
applications could use financial information for other reasons as well to, for example, 
determine other financial measures besides those explicitly discussed herein. 

[0112] Still further, if desired, the service applications 74 (Fig. 2) may be packaged along 
with the process modules 73 (Fig. 2) in a smart process module such as that described in U.S. 
Patent Application Serial No. 10/278,469, entitled "Smart Process Modules and Objects in 
Process Plants" which was filed October 22, 2002, the disclosure of which is hereby 
expressly incorporated by reference herein. In that case, the smart process objects may, for 
example, create the display screens of Figs. 8 and 9 based on the economic information 
provided to and determined by the process modules 73 contained therein. 

[0113] While the web services-based communication system and economic models and 
process control applications described herein have been described as being implemented 
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using an XML-based server, this combined system can be implemented using any other 
suitable transactional data language on any suitable hardware platform. Further, although the 
functions of the information server described herein are described herein as being 
implemented primarily as software, some or all of these functions may be implemented in 
hardware, firmware, etc. Thus, the web services-based communication system and technique 
described herein may be implemented in a standard multi-purpose processor or using 
specifically designed hardware or firmware as desired. When implemented in software, the 
software routines discussed herein may be stored in any computer readable memory such as 
on a magnetic disk, a laser disk, or other storage medium, in a RAM or ROM of a computer 
or processor, etc. Likewise, the software may be delivered to a user or a process control 
system via any known or desired delivery method including, for example, on a computer 
readable disk or other transportable computer storage mechanism or over a communication 
channel such as a telephone line, the Internet, etc. (which are viewed as being the same as or 
interchangeable with providing such software via a transportable storage medium). 

[0114] Still fiirther, while the economic model analysis has been generally described 
herein as having a computer model that models the economic operation of a process plant 
based on economic data and process control data located at the process plant, a service 
provider could, for a fee, provide a service of collecting the process control data (or other 
process plant data) and the economic data from the process plant on a regular basis (e.g., a 
periodic, a regularly scheduled basis, etc.) and then use a computer model to produce an 
output related to the operation of the plant. The output could be analyzed or used in any 
manner described above to determine one or more actions to be taken or performed in the 
process plant, including any of the control, alarming, reporting, diagnostic, optimization, etc. 
actions discussed above. These one or more actions, which could include providing 
information to be displayed to plant personnel, could then be transmitted back to the process 
plant to be implemented or displayed to the appropriate person or decision maker, such as a 
control operator, a business manager, a maintenance person, etc. The service provider may 
be communicatively connected to the process plant in any desired manner, such as via the 
Internet, the World Wide Web, a LAN or WAN connection, a telephone connection, etc. If 
desired, one or more servers may be set up to collect the economic data and the process plant 
or process control data, as indicated above, and then to automatically forward or send this 
data to the service provider site for analysis. Of course, the service provider may charge a fee 
for any or all of collecting the data, running the computer model, analyzing the output of the 
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model to determine one or more actions to be taken in the process plant and then 
communicating these actions to the process plant for display or implementation. It will be 
understood that the computer model or other software at the service provider site (which may, 
if desired, be physically located at the process plant or remotely from the process plant) can 
implement any of the functions described above with respect to Figs. 2-9. 

[0115] Thus, while the present invention has been described with reference to specific 
examples, which are intended to be illustrative only and not to be limiting of the invention, it 
will be apparent to those of ordinary skill in the art that changes, additions or deletions may 
be made to the disclosed embodiments without depeuting from the spirit and scope of the 
invention. 



-41 - 



